Human subjects learned to modulate EEG features associated with a reaction time task. Voluntary increase in EEG feature amplitude slowed reaction time and vice versa. Voluntary biphasic modulation of EEG activity has short-term and location-specific effects on behavior.
a b s t r a c t
Objective: Brain-computer interface (BCI) technology might be useful for rehabilitation of motor function. This speculation is based on the premise that modifying the EEG will modify behavior, a proposition for which there is limited empirical data. The present study examined the possibility that voluntary modulation of sensorimotor rhythm (SMR) can affect motor behavior in normal human subjects. Methods: Six individuals performed a cued-reaction task with variable warning periods. A typical variable foreperiod effect was associated with SMR desynchronization. SMR features that correlated with reaction times were then used to control a two-target cursor movement BCI task. Following successful BCI training, an uncued reaction time task was embedded within the cursor movement task. Results: Voluntarily increasing SMR beta rhythms was associated with longer reaction times than decreasing SMR beta rhythms. Conclusions: Voluntary modulation of EEG SMR can affect motor behavior. Significance: These results encourage studies that integrate BCI training into rehabilitation protocols and examine its capacity to augment restoration of useful motor function. Ó 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Brain activity produces electrical signals that are detectable on the scalp, on the cortical surface or within the brain. Braincomputer interfaces (BCIs) translate these signals into outputs that allow the user to communicate without the participation of peripheral nerves and muscles (Wolpaw et al., 2002) . BCI research has used various brain signals to provide a variety of communication and control options (Donchin et al., 2000; Pfurtscheller et al., 1993; Wolpaw and McFarland, 2004) . A common feature of these studies is that the user alternates between two or more brain states within a short period of time in order to modulate a signal that is used for communication or control.
Sensorimotor rhythms (SMRs) have been successfully used as signals for BCI devices by a number of investigators (e.g., Kostov and Polak, 2000; Pfurtscheller et al., 1993; Wolpaw et al., 1991; Wolpaw and McFarland, 2004) . The SMR represents alpha and beta range frequencies recorded over central scalp locations that are reactive to movement and motor imagery. The behavioral correlate of alpha-band rhythms varies with the specific recording site, being associated with vision over posterior scalp (Berger, 1930) , motor behavior over central areas (Chatrian, 1976) and auditory function when recorded with MEG over temporal areas (Niedermeyer, 1997) . In addition, movement of specific body parts such as the hands or feet is associated with distinct foci of alpha and beta band desynchronization (Pfurtscheller and Lopes da Silva, 1999) . Thus these rhythms appear to reflect the functions of the specific cortical areas from which they originate.
Several authors have suggested the possibility that SMRbased BCI technology could also be used to facilitate rehabilitation (Daly and Wolpaw, 2008; Dobkin, 2007) . In particular, BCI technology based on sensorimotor rhythms (SMRs) might be useful for the rehabilitation of motor disorders given the association of these signals with normal movement and movement imagery (McFarland et al., 2000; Pfurtscheller and Neuper, 1997) . However, it is unclear if there is any change in neuromuscular behavior associated with either long-term training-related changes in SMR control or short-term volitional changes in SMR amplitude.
